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In the study of the osmoregulation of the haemolymph of the larvae of A. 
cyanea , two kinds of experiments are used. The organisms not being fed 
during the course of the experiments, the effect of starvation is investigated. 
Changes of the haemolymph osmotic pressure as a function of the time spent 
in the experimental media, and the relation between the osmotic pressure of 
the internal and external media are measured. In all experiments the concen¬ 
tration of free amino acids is determined. The results indicate that free amino 
acids compensate for changes in osmotic pressure of the haemolymph. 


INTRODUCTION 

As reported previously the concentration of both major ionic components, 
Na and Cl, in the haemolymph of the larvae of the dragonfly Aeshna cyanea , is 
well regulated when the animals are placed in hypotonic media of diluted sea 
water (MOENS, 1975). In hypertonic media however, the concentration of both 
ions increases markedly. The increase of the internal concentration parallels that 
of the external medium. It has been suggested by several authors that the amino 
acids can play an important role in the osmoregulation of some insects (SCHOF- 
FENIELS, 1960; SHAW & STOBBART, 1963; BEADLE & SHAW, 1950). The 
investigations, reported in this paper, concern the regulation of total osmotic 
pressure and the concentration of free amino acids in the haemolymph. 

* Present address: S.B.M. Department, Limburg University Centre, University Campus, 
B-3610 Diepenbeek, Belgium. 
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MATERIAL AND METHODS 


The animals, collected from different ponds near Louvain, Zonhoven and 
Genk were kept in large aquaria. If not immediately used for experiments, they 
were fed three times a week with Tubifex. The experiments were carried out and 
the haemolymph samples taken as described elsewhere (MOENS, 1975). The 
osmotic pressure of the haemolymph samples was determined by means of a 
vapor pressure osmometer (Mod. 301 A - Mechrolab - Mountainview, Califor¬ 
nia). The standard error of this method is less than 1%. The results are expressed 
as mM NaCl. 

The concentration of free amino acids was measured as the difference 
between the total nitrogen concentration and the amount of protein nitrogen. 
The procedure which was used in our investigations was based on the already 
described method of BRUEL et al. (1946) and SHAW & BEADLE (1949). The 
nitrogen concentration was determined using the Kjeldahl method. Digestion of 
the samples was carried out in pyrex glass tubes with an internal diameter of 
3 mm and a length of 5 cm. To deliver the haemolymph samples (20 fA) 
quantitatively to the bottom of the digestion tubes a self made calibrated 
constriction pipette was used. The final distillation was done with the apparatus 
as described by JENDEN & TAYLOR (1953). 

All the different steps of the procedure were tested. This led to the conclu¬ 
sion that the standard error of the method was about 3%. All determinations 
were made in duplicate. 

To convert the amount of nitrogen due to the presence of free amino acids 
into the real concentration a correction coefficient of 0,82 was used. This 
coefficient was calculated from the results obtained by DUCHATEAU & FLOR- 
KIN (1958). These authors bio-assayed the concentration of the different amino 
acids present in the haemolymph of the dragonfly larva Aeshna sp. As their data 
reveal the presence of amino acids containing 2 or 3 nitrogen atoms it is evident 
that the true molarity of amino acids is lower than the molarity of the nitrogen 
measured as mentioned above. The results are expressed as mM free amino acids. 

RESULTS 

As the animals are kept without food during the experimental period we 
firstly investigated the effect of starvation on the osmotic pressure and free 
amino acid concentration of the haemolymph. Therefore 18 larvae were starved 
in tap water. As cannibalism is not uncommon when no food is provided, the 
animals were kept strictly separated. At intervals of 48 h haemolymph samples 
of three individuals were taken and analysed. From Figure 1, it becomes evident 
that only a slight decrease of the total osmotic pressure occurs during the first 
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Fig. 1. The effect of starvation on the osmotic pressure (o) and free amino acid concentra¬ 
tion (0) of the haemolymph o tAeshna cyanea larvae. 

48 h whereas the concentration of free amino acids remains at a constant level. 

The following two experiments were carried out in order to study the 
variation of the osmotic pressure and the concentration of free amino acids in 
the haemolymph as a function of time. 

In the first experiment 27 larvae were placed in a medium of approximately 
5/8 sea water, the Na concentration being 234 meq, the Cl concentration 
261 meq and the osmotic pressure 252 mM NaCl. The results obtained are 
shown in Figure 2. The osmotic pressure of the haemolymph quickly rises to a 
constant level which is reached after about 80 h. In the same period the 
concentration of free amino acids has decreased. 

Very analogous results are obtained in the second experiment, which was 
carried out with 18 larvae. The animals were placed in a medium of 7/8 sea 
water, the Na concentration being 297 meq, the Cl concentration 344 meq and 
the osmotic pressure 338 mM NaCl. As shown in Figure 3 the total osmotic 
pressure of the haemolymph remains constant at a markedly higher level after 
80 h whereas the free amino acid concentration decreases. 

To determine the relation between the osmotic pressure of the external and 
internal media a group of 5 larvae was placed in a medium of 1/4 sea water, 
another group of 5 individuals in 1/2 sea water. The Na concentrations were 92 
and 186 meq respectively, the Cl concentrations 104 and 206 meq, the osmotic 
pressure 102 and 201 mM NaCl. After 140 h the animals were removed and their 
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Fig. 2. Change of the osmotic pressure (o) and the concentration of free amino acids (0) in 
the haemolymph of larvae of Aeshna cyanea after transfer from fresh water into an external 
medium of diluted sea water (Na: 234 meq; Cl: 261 meq; O.P. 252 mM NaCl). 



Fig. 3. Change of the osmotic pressure (o) and the concentration of free amino acids (o) in 
the haemolymph of larvae of Aeshna cyanea after transfer from fresh water into an external 
medium of diluted sea water (Na: 297 meq; Cl: 344 meq; O.P. 338 mM NaCl). 
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Fig. 4. Relation between the Na (a). Cl (o), osmotic pressure (o) and free amino acid 
concentration (o) in the haemolymph of larvae of Aeshna cyanea and the composition of 
the external medium. 


haemolymph was analysed. The results obtained are pooled with those from the 
2 experiments described above (Fig. 4). It will be noted that only results from 
larvae which were allowed to stay for at least 100 h in the experimental media 
were plotted. Figure 4 shows the relation between the internal and external 
medium. From this it can be stated that the osmotic pressure of the haemo¬ 
lymph remains constant when animals are placed in different hypotonic media. 
The concentration of free amino acids also remains at a constant level. In larvae 
which are placed in hypertonic media, the haemolymph osmotic pressure begins 
to increase. The animals become slightly hypertonic. The concentration of free 
amino acids decreases. 

Finally an experiment was carried out in order to study the changes of 
osmotic pressure and amino acid content of the haemolymph when animals are 
placed in distilled water. Figure 5 shows that only a slow decrease of the osmotic 
pressure occurs whereas the amino acid content of the haemolymph begins to 
increase at a constant rate from 50 h onward. 


173 





300 


6 

z 



50 100 150 200 h 

Fig. 5. Change of the osmotic pressure (o) and the concentration of free amino acids in the 
haemolymph of Aeshna cyanea larvae after transfer from tap water to glass distilled water. 


DISCUSSION 

We will first consider the amount of free amino acids in the haemolymph of 
normal larvae. We found this concentration to be 77 mM. This figure is an 
average value for nine individuals. The following table gives a survey of all the 
data published so far by different investigators. 


Table I 

Review of hitherto published data by different workers. 
(The figures between brackets give the number of animals used) 


Author 

Results 

Method 

RAPER& SHAW (1948) 

127 mM (1) 

ultra-micro Kjeldahl 

SHAW & BEADLE (1949) 

66 mM (2) 

ultra-micro Kjeldahl 

DUCHATEAU & FLORK1N (1958) 

33 mM (?) 

micro-biological 

SCHOFFENIELS (1960) 

10-11 mM (?) 

not mentioned 

SUTCLIFFE (1962) 

34 mM (10) 

colorimetry 


From Table I can be stated that there is a great variation between the 
different data. In how far differences between the methods used by the different 
investigators are important is not clear. Our finding that there is a great 
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individual variation (from 68 to 90 mM) fits with the results obtained by 
SUTCLIFFE (1962). Anyhow, as we always used the same method in all our 
investigations, it becomes clear that the figures we obtained reveal a real change 
in the concentration of free amino acids. 

Combining now the results, described above with those reported elsewhere 
(MOENS, 1975) there is, as could be expected, a parallelism between the 
changes in both Na and Cl concentration and the osmotic pressure of the 
haemolymph (Fig. 4). From this it can be seen also that the increase of the 
osmotic pressure is not fully parallel to that of Na and Cl. Indeed, the increase of 
the osmotic pressure is smaller compared to that of the major ionic components. 
This is caused by the decrease of the concentration of free amino acids. 

The important role of these amino acids is best illustrated by the experi ment 
in which larvae are placed in distilled water. Here the fact that there is only a 
slow decrease in osmotic pressure although the Na and Cl concentrations 
decrease at a higher rate (MOENS, 1975), is due to the marked increase of the 
free amino acid concentration. 

Finally, the ability of osmoregulation in anisopteran larvae, as illustrated by 
our results, compares favorably with those obtained in other fresh water insect 
larvae such as the nematocerans Culex pipiens and Aedes aegypti (WIGGLES- 
WORTH, 1938; RAMSAY, 1950) and the caddis-fly, Limnephilus affinis (SUT¬ 
CLIFFE, 1961). In these larvae however the internal osmotic pressure becomes 
slightly hypotonic in hypertonic media. 
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